ABSTRACT:The infl uence of dietary nutrient concentration on growth performance, manure composition, and gas emission was studied in pigs in hot environmental conditions. A total of 64 intact males and 64 females [(Landrace × Large White) × Pietrain] weighing 63.1 ± 9.7 kg were divided into 2 dietary treatments: high (HD: 14.39 MJ of DE/kg and 1.11% Lys) and low (LD: 13.97 MJ of DE/kg and 1.01% Lys) in energy and Lys contents. Pigs were allocated to 32 split-sex pens with 4 pigs/pen and 16 pens/treatment. Average productive performance was recorded for 41 d (phase 1). After phase 1, 12 females of 103.3 ± 3.15 kg (6 per treatment) were selected and housed individually, and feces and slurry were collected during 3 and 4 consecutive days, respectively, to calculate nutrient digestibility and measure gas emissions (phase 2). For gas emission measurements, slurry was pooled by treatment and stored for 76 d. Initial composition of slurry and pH were analyzed. Maximum and minimum temperatures registered in the barn throughout the growing period were 35.1 and 18.1°C, respectively. Animals fed the HD diet grew more effi ciently than pigs fed the LD diet (G:F, 0.43 vs. 0.40; SEM = 0.01; P < 0.05). Fat digestibility was greater in HD compared with LD pigs (88.0 vs. 84.9%; SEM = 0.9; P < 0.05). Slurry from pigs fed the LD diet showed greater DM, OM, total N, and VFA contents than slurry from pigs fed the HD diet. Cumulative NH 3 , CO 2 , and especially CH 4 emissions were greater in the HD slurry compared with the LD slurry (192 vs. 210 g of NH 3 /m 3 ; 2,712 vs. 3,210 g of CO 2 /m 3 ; 1,502 vs. 2,647 mL of CH 4 /kg of OM). Increasing feed density in the present study led to a more effi cient growth, a decreased nutrient concentration in the slurry, and a greater gas emission.
INTRODUCTION
It is well known that the performance of all domestic animals decreases under exposure to heat (Hyun et al., 1998) . A marked reduction in feed intake and performance is observed in pigs at temperatures above 25°C to reduce heat production and maintain homeothermy (Quiniou et al., 2000) . An effective feeding strategy that helps to overcome these negative effects on performance is to increase nutrient concentration of diets. The addition of both fat and AA is recommended under these thermal conditions as replacement of carbohydrates and protein that are less effi cient in terms of energetic balance (Smith et al., 1999; Noblet et al., 2001) .
On the other hand, intensive pig production is associated with some negative effects on the environment, particularly gas and odor emissions. There is good evidence for a link among dietary factors such as protein and fermentable fi ber, manure composition, and gas emission (Canh et al., 1997; Panetta et al., 2006; Jarret et al., 2011) . However, there is not much current research on how other dietary components such as fat affect slurry composition and air quality.
Fat inclusion in diets might reduce digestibility of DM, energy, and fi ber (Lewis et al., 2001; Leek et al., 2004) by altering intestinal morphology or limiting the availability of fermentable substrates to the microfl ora (Cera et al., 1988; Patridge and Gill, 2001) . Furthermore, the addition of fat to the diet might reduce NH 3 and CH 4 emission from slurry via an inhibition of the intestinal microfl ora responsible for those emissions (Christensen and Thorbek, 1987; Leek et al., 2004) . Thus, increasing energy by adding fat to the diet may alter the manure components and, consequently, gaseous emissions. An experiment was conducted to study the effects of increasing energy and Lys contents in growing-fi nishing pig diets on productive performance, manure composition, and gaseous atmospheric pollutants.
MATERIALS AND METHODS
The experimental procedures described in this study were approved by the Instituto Valenciano de Investigaciones Agrarias Animal Ethics Committee and complied with the Spanish Code of Practice for the Care and Use of Animals for Scientifi c Purposes.
Animals, Diets, and Experimental Design
The study was performed from July to September of 2009 on a farm located in the middle-east part of Spain. The study was divided into 2 phases. Phase 1 (41 d) was designed to evaluate productive performance of pigs from 63.1 ± 9.7 to 99.9 ± 13.6 kg of BW. In phase 2 (20 d), 12 females with 103.3 ± 3.2 kg was selected to study nutrient digestibility, slurry composition, and gas emission during slurry storage.
In phase 1, a total of 128 [(Landrace × Large White) × Pietrain] pigs (64 intact males and 64 females) with 63.1 ± 9.7 kg of BW were organized according to initial BW and sex into 32 split-sex pens (4 pigs/pen), and pens were assigned randomly to 2 dietary treatments with 16 pens/ treatment. Dietary treatments consisted of 2 feeds formulated to contain different energy and Lys levels but similar Lys:energy. The low-density (LD) treatment contained 13.97 MJ of DE/kg and 1.01% of Lys and the high-density (HD) treatment contained 14.39 MJ of DE/kg and 1.11% of Lys. Table 1 shows the ingredient and analyzed nutrient composition of the experimental diets. Diets were formulated to meet or exceed the NRC (1998) recommended amounts for minerals and vitamins. The amount of other AA such as Met and Thr was adjusted to achieve a constant ratio to Lys in the 2 feeds formulated (NRC, 1998). During phase 1, feed and water were provided ad libitum in conventional growing-fi nishing feeders and nipple drinkers, respectively. Maximum and minimum temperatures inside the barn were recorded daily at eye level. The average temperature registered throughout the study was 24.7 ± 3.2°C, with maximum and minimum temperatures of 35.1 and 18.1°C, respectively.
In phase 2, 12 females (6 per treatment) of 103.3 ± 3.2 kg of BW were selected, housed individually in 4.4 m 2 pens, and maintained on the same dietary treatment (LD or HD) for 20 d (10 d of adaptation period to allow the pigs to become accustomed to the pens, 3 d for feces collection, 3 d for rest, and 4 d for slurry collection). Feed and water were also provided ad libitum during this phase. In phase 1, pigs were weighed at the beginning (d 0) and on d 14, 30, and 41 of study. Additionally, backfat thickness and loin depth were measured at the P2 position (above the last rib at approximately 6.0 to 6.5 cm from midline), using a B-mode ultrasound device (Agroscan A16, Angoulême, France) on the same days as weighing (d 0, 14, 30, and 41) . Feed intake was measured by pen by weighing the amount of feed offered over the experimental period and the amount of feed refused at the time of the weighing. Average daily gain, ADFI, and G:F were then calculated.
In phase 2, feces and slurry (feces + urine) were collected from the 12 selected females during 3 and 4 consecutive days, respectively. During the 2 periods of collection, feed intake was measured daily by weighing the amount of feed offered and refused by animal. Also individual water intake was measured by means of water meters installed in the pens. Water consumption per pen and day was calculated as the difference between the amount of water delivered as indicated by the water meters and the amount (weight) of water refused every 24 h. No substantial water wastage by the pigs was observed. Slurry was collected in a plastic bag (15 × 30 cm) attached to the back part of the body (van Kleef et al., 1994) . Feces were also collected using this system but with a modifi ed plastic bag, in which fecal material was recovered without contamination by urine.
Feces were weighed at 12-h intervals and pooled by animal at the end of the collection period. A homogeneous portion of feces per animal was stored at −20°C until analysis. The total amount of fresh slurry produced by each pig was pooled by treatment every 12 h and equally divided into 3 plastic buckets of 30 L per treatment immediately after collection, according to the methodology described by Canh et al. (1998) . The buckets (40 cm high and 30 cm of diameter) were placed in a room at 20°C. The amount of slurry placed daily in the buckets was the same by treatments, and at the end of the collection period, each bucket contained about 13 kg of slurry. At this time (after 4 d of collection period), 1.1 L (about 8%) of water was added to each bucket (Møller et al., 2004) . Then, the slurry and the added water were mixed and all the buckets were sampled for chemical analysis (initial sample) and sealed for starting gas emission measurements. Buckets were stored for 76 d. Ammonia and CO 2 measurements were taken during 76 d, and CH 4 was measured for 70 d in both treatments. The period of CH 4 measurements was shortened by 6 d compared with other gases because of equipment malfunction. Representative samples of slurry were obtained from each bucket on d 0 and at different times during storage (d 12, 27, 40, 54, and 76 ) and kept at −30°C for subsequent analysis. It is important to mention that the slurry created in this study was an artifi cial slurry, in which no feed and extra water contamination was produced as in the commercial slurries collected directly from the pit.
Laboratory Analysis
Feed samples were analyzed for DM, ash, CP, and ether extract (EE) following the offi cial methods 934.01, 942.05, 976.05, and 920.39, respectively, of AOAC (2000), and GE content was determined by adiabatic calorimetry (Gallenkamp Autobomb, Loughborough, UK). The AA profi le in diets was determined after acid hydrolysis with HCl 6 N at 110°C for 23 h as described previously Liu et al. (1995) using an HPLC system consisting of 2 pumps (model 515), an autosampler (model 717), a fl uorescence detector (model 474), and a temperature control module (Waters, Milford, MA). Aminobutyric acid was added as the internal standard after hydrolyzation. The AA were derivatized with AQC (6-aminoquinolyl-N-hydroxysuccinimidyl carbamate) and separated with a C-18 reverse-phase column (Waters AcQ-Tag, 150 × 3.9 mm). Methionine and cystine were determined separately as Met sulphone and cysteic acid, respectively, after performic acid oxidation followed by acid hydrolysis. Samples of feces were also analyzed for DM, ash, CP, and EE following the offi cial methods 934. 01, 942.05, 976.05, and 920.39, respectively, of AOAC (2000) .
At d 0 (initial), the pH was determined at 3 different points in each bucket (by triplicate) at 20°C with a glass electrode (Crison Basic 20+, Crison, Barcelona, Spain). Additionally, 1 homogeneous sample of slurry from each bucket was taken and analyzed in duplicate for the following variables: DM, OM, total Kjeldahl N (TKN), and VFA. Dry matter, OM, and TKN were analyzed according the offi cial methods 934.01, 942.05, and 976.05, respectively, of AOAC (2000). Volatile fatty acids were analyzed according to the methodology described by Jouany (1982) with the addition of an internal standard (4-methylvaleric).
On d 12, 27, 40, 54, and 76 of storage, pH measurements were taken in each bucket in triplicate at 20°C at 1 cm beneath the surface and at 10 cm depth in the slurry. After the pH measurements were taken, slurry from each bucket was mixed and representative samples from each bucket were collected to determine DM and OM contents following the offi cial methods 934.01 and 942.05, respectively, of AOAC (2000). At each sampling time, buckets were weighed to calculate the DM and OM content evolution by bucket.
Gas Emission
Ammonia, CO 2 , and CH 4 emissions were determined from the 6 buckets, simultaneously, using a dynamic chamber method and infrared photoacoustic detection as described by Dinnucio et al. (2008) . Before starting the gas measurements, each bucket was closed with an airtight lid provided with 3 ports for air inlet and 1 port for air outlet. The air outlet port was connected in an airtight way with a suction pump (Ilmivac, Ilmenau, Germany). The headspace (approximately 15 cm) between the slurry surface and the lids for measuring gas emission was then ventilated to create airfl ow through the dynamic chamber. The air exchange inside the chamber was adjusted by fl ow meters so that the air was drawn out the headspace by the pump at an airfl ow rate of 2.1 to 2.9 L/min. The concentrations of NH 3 , CO 2 , and CH 4 in the inlet and outlet air were analyzed by a photoacoustic fi eld gas monitor (INNOVA, model 1412, Air Tech Instruments, Ballerup, Denmark). Slurry and ambient temperature were measured by means of 2 probes (Hobo U12-U13, Onset Computer Corporation, Bourne, MA). Gas emission was calculated using the following equation:
where E is gas emission (mg/h); F is the ventilation fl ow through the buckets (m 3 /h); C in is the gas concentration in the air leaving the buckets (mg/m 3 ); and C out is the gas concentration in the outside air (mg/m 3 ).
Statistical Analysis
Data were analyzed using SAS (SAS Inst. Inc., Cary, NC). For growth performance data, dietary treatment (LD and HD) and sex served as the main factors, and the interaction between sex and treatment was also tested. For digestibility and manure data, the unique class factor used was the dietary treatment.
Overall growth performance data (ADG, ADFI, and G:F) and body composition (backfat and loin depth) were analyzed by an ANOVA (GLM procedure of SAS), considering the pen as the experimental unit (16 pens/ treatment). For fi nal BW, initial values were used as a covariate. For growth performance data by periods, a repeated measures model was used (MIXED procedure of SAS). Differences in coeffi cients of digestibility and initial manure composition were tested by ANOVA using the GLM procedure of SAS. The experimental unit was the animal (6 pigs/treatment). For manure data (continuous gaseous emissions, pH, and manure composition over the storage period), data are presented as the means of the 3 buckets of each treatment and compared.
Statistical signifi cance level was set at P < 0.05, and an α of 0.05 > P ≤ 0.10 was considered a trend.
RESULTS
All diets were formulated to contain approximately 15.0% CP and different EE and Lys contents. Chemical analysis of diets is shown in Table 1 . The HD diet had greater EE (+1.6%) and GE values (+0.300 MJ/kg) compared with the LD diet. The AA analysis also confi rmed greater Lys in HD (+ 0.10%) compared with the LD diet. The fi nal Lys:GE (mg/MJ) were 0.57 in the LD diet and 0.61 in the HD diet.
Phase 1 involved the months of July and August, which are the hottest months of the year in Spain. Because of the signifi cant infl uence of high environmental temperatures on growth performance, results observed in this study might only be applicable to those special environmental conditions.
Productive Performance
The growth performance data obtained in phase 1 of this study are shown in Table 2 . Overall, the most noticeable fi nding was the improvement in feed effi ciency (increased G:F) observed in the group of pigs fed the HD diet compared with pigs fed the LD diet (P < 0.01). However, no differences were found on ADG and ADFI between treatments. The same tendency was observed throughout the different periods of the study (d 0 to 14, d 14 to 30, and d 30 to 41).
Males showed greater ADG and ADFI than females (ADG, males = 965.5 and females = 837.6 g/d, P < 0.001; ADFI, males = 2,293.2 and females = 2,081.0 g/d, P = 0.006) and also a tendency to convert feed more effi ciently than females (G:F, males = 0.423 and females = 0.404, P = 0.064). However, after d 14 of the study, no difference in the G:F was observed between sexes. The interactions between treatment and sex in growth performance were observed (P ≤ 0.05), especially during the fi rst 2 periods of growth (d 0 to 14 and d 14 to 30). Although these interactions are diffi cult to interpret, in general, males were affected more by the treatment than females from d 0 to 30 of the study (greater differences in ADG, ADFI, and G:F). However, increasing energy and Lys affected both sexes in the same manner during the last period of growth (d 30 to 41 of the study).
Pigs fed the HD diet demonstrated similar backfat gains although tended to show greater (P = 0.06) loin depth throughout the study compared with pigs fed the LD diet (Table 2) . Males gained more backfat than females (males = 2.1 and females = 1.5 mm, P < 0.001). No treatment by sex interaction was detected.
Apparent Digestibility of Nutrients and Slurry Composition
Individual feed intake measured during the 20-d period that constituted phase 2 was similar between treatments (LD = 2.21 and HD = 2.30 kg/d). No difference in water consumption was observed between treatments, although pigs fed the HD diets consumed 330 mL/d more on average compared with pigs fed the LD diet (LD = 4.92 L/d and HD = 5.25 L/d).
Fecal apparent digestibility of DM, OM, and CP did not differ across treatments (Table 3) and mean values were 82.1, 84.2, and 85.6%, respectively. However, EE digestibility was statistically different between treatments (P < 0.05), being 3% greater in pigs on the HD treatment compared with those on the LD treatment.
Temperature of the slurry was constant through the storage period with an average temperature of 21.3 ± 0.81°C, with a maximum of 23.2°C and a minimum of 19.2°C. Slurry composition was analyzed at the beginning of the storage period, and the results are summarized in Table 4 . The slurry from pigs fed the HD diet had decreased initial concentration of DM, OM, TKN, and VFA. All VFA, except caproic and heptanoic acids, were less in the slurry of pigs fed the HD diet compared with those fed the LD diet. Caproic acid was greater in the slurry from pigs fed the HD diet, and the amount of heptanoic acid did not differ between treatments. The pH of the slurry was similar between treatments.
The pH measured at the top layer was not different between treatments over the storage period (Table 5) . However, from d 27 of storage, the pH at 10 cm depth was greater in the slurry from pigs fed the HD diet than in the slurry from pigs fed the LD diet. The DM and OM in the fresh excreted slurry from pigs on the LD treatment remained greater throughout the storage period (Table 5) .
Gas Emission
Gas emission (NH 3 , CO 2 , and CH 4 ) data are presented in Figures 1, 2 , and 3. Over the storage period, the evolution of NH 3 emission was similar between treatments, reaching the greatest quantities on d 1 of the storage period (after excretion) and decreasing thereafter. The greatest differences were found at the beginning of the storage period (d 3 and 4) and on d 12 and 15, with NH 3 emissions being greater in slurry from pigs fed the HD diet compared with slurry from pigs fed the LD diet. The greatest differences in CO 2 emission between treatments were found on d 15, 28, 29, and 31 of the storage period, with CO 2 emissions being greater in slurry from pigs fed the HD diet compared with slurry from pigs fed the LD diet. Maximal CO 2 emission was reached on d 29 of the storage period.
Increasing dietary energy and Lys also affected CH 4 emission. Methane emission was greater in the HD than in the LD at the beginning of the storage period and on d 29 and 31. Similar to CO 2 emission rate, maximum CH 4 emission was reached on d 30 in both slurries.
Cumulated emissions of the 3 gases studied during the entire storage period (70 to 76 d) are shown in Table  6 . Cumulative NH 3 , CO 2 , and CH 4 emission rates were greater in the slurry from pigs fed the HD diet compared with that of pigs fed the LD diet.
DISCUSSION

Productive Performance
Adjustment of feed formulations by increases in energy and AA concentration is a common feeding strategy used in hot environments to minimize the environmental infl uences on growth performance. In the present study, feed intake in both groups of pigs was less than that expected for pigs with similar BW (NRC, 1998) . This is probably due to the high temperatures achieved inside the barn (maximum of 35°C), as suggested by Quiniou et al. (2000) . However, the feed efficiency (G:F) was improved by the HD diets, indicating that providing diets greater in fat (7.7 vs. 6.1%) and Lys (1.11 vs. 1.01%) is an effective strategy for achieving the desired growth performance in hot climates. An improvement in BW gain effi ciency is a common observation when diets with increased DE concentration are fed (Thacker et al., 2004; Beaulieu et al., 2009) . In the present study, this better BW gain effi ciency in the HD group might be a combination of the increase in both fat and Lys, as suggested by Smith et al. (1999) and Myer and Bucklin (2002) . 2 To obtain the total amount of DM or OM per bucket, the concentration of DM and OM in each bucket was multiplied by the weight of the bucket (amount of slurry) at each sampling time.
3 pH 0 : pH at the top layer.
4 pH 10 : pH at 10-cm depth. Over the study, changes in both backfat and loin depth were positive and greater in the HD group of pigs compared with the LD group of pigs. However, loin depth seemed to be more strongly affected by this feeding strategy than fat, which is in agreement with the greater gain effi ciency observed in this group because it is known that lean tissue is more effi ciently deposited than fat in growing pigs (Ostrowska et al., 1999) .
As expected, intact males showed greater ADFI and ADG than females during all growing periods, similar to results obtained by Beaulieu et al. (2009) . Also, males gained greater amounts of backfat and loin depth compared with females. However, it seems that the feeding strategy used in this study did not affect both sexes in the same way from d 0 to 30 of the study. The interaction between sex and treatment in the time during this period indicated that males could be more sensible to changes in feed energy and Lys content than females. From d 30 to the end of the study, the dietary treatment affected both sexes in the same manner.
Digestibility, Slurry Composition, and Gas Emission
The addition of fat to the diet may inhibit certain intestinal bacteria in the pigs (Patridge and Gill, 2001 ). Also, dietary fat might limit the availability of fermentable substrates to the intestinal microfl ora (Patridge and Gill, 2001 ) and reduce the digestibility of nutrients at the level of the gut (Li et al., 1990; Leek et al., 2004) . In this regard, fat might promote the formation of insoluble soaps at the gut level, which are not absorbed by the animals (Atteh and Leeson, 1983) . However, this inhibition would depend on different factors such as the DE:AA (Allee et al., 1971) , the age of the pigs (Cera et al., 1988) , and the dietary fat source and concentration (Leek et al., 2004) . In the present study DM, OM, and N digestibility were not affected by the diet. Some possible explanations to this effect are that, perhaps, the fat in the HD diet was not large enough to provoke these effects or that animals were mature enough (about 100 kg of BW) to digest nutrients without interactions with the amount of fat, or a combination of different factors.
However, the digestibility of the fatty fraction of the diet was greater in the HD diet, which indicates that part of the improvement in the BW gain effi ciency observed when feeding the HD diet in this study might be due to an increase in EE digestibility. As suggested by some authors (Bakker et al., 1995; Leek et al., 2004) , this would be due to the combined effect of a greater lipid digestibility in fat sources compared with the lipid contained in other feedstuffs and also a proportionately reduced contribution of endogenous lipid to fecal output at increased intake.
The addition of fat to the diet did not affect digestibility of others (DM, OM, and N) but improved the efficiency of fat utilization. Consequently, the fi nal composition of feces expressed as the amount of DM, OM, N, and EE excreted in feces was similar between treatments (360 g of DM, 301 g of OM, 7.8 g of N, and 21 g of EE). However, results of the present study showed that the dietary treatment affected slurry composition. Increasing energy and Lys contents of the diet resulted in decreased DM, OM, TKN, and VFA concentrations in the slurry. Leek et al. (2004) observed no effects of dietary oil inclusion and the source of oil on the DM, TKN, and VFA (or the proportion of the individual acids) concentrations in manure and feces. In the present study, as all the variables analyzed were affected in the same direction, these results might partly be related to a dilution effect of the HD slurry because of the greater water consumption in pigs fed the HD (+330 mL) compared with pigs fed the LD diet. However, because of the relatively few number of pigs used to measure water consumption, this difference was not statistically signifi cant. A difference in VFA might be indicating differences in the microbial activity with fat addition to the diet. In this study, all individual VFA were reduced in the HD slurry, with the exception of caproic and heptanoic, thus also indicating that a dilution effect might be occurring. The reason why greater caproic and heptanoic acids were maintained in the HD slurry is unknown. The proportion of individual VFA to total VFA concentration has been deemed extremely important in relation to odor offensiveness (Zahn et al., 2001) . In this regard, the long-chain and branched-chained VFA contributed the most to manure odor intensity. However, because the concentration of caproic and heptanoic acids is very low, differences in odor offensiveness between treatments because of these 2 acids are improbable. The values obtained for DM, OM, VFA, and TKN contents in the pig slurry of this study were greater compared with other studies (Sommer et al., 2007; Vedrenne et al., 2008; González-Fernández and García-Encina, 2009 ); however, VFA content was in agreement with other studies, in which fresh slurry was used (Møller et al., 2004) . The anaerobic fermentation of OM by microbiota leads to the formation of intermediate VFA, with the main ones being acetate, propionate, and butyrate. Acetate is then used by methanogens to produce CO 2 and CH 4 (Møller et al., 2004) . In this study, the major VFA in both slurries was acetate, which represents more than 60 to 70% of total VFA according to the results obtained by Møller et al. (2004) and Le et al. (2008) .
Ammonia and greenhouse gas emission are major components of pig manure, contributing to environmental pollution. Research efforts are currently focusing on the search for environmentally friendly management techniques to reduce gas pollutants from livestock. There is good evidence for a link between swine manure composition and gas emission (Møller et al., 2004; Dinnucio et al., 2008) . Consequently, dietary manipulations that allow the modifi cation of manure composition could be a way to mitigate emissions of NH 3 and greenhouse gases. Studies on the effects of protein and fermentable fi ber on gas emissions have indicated that decreasing CP and increasing fermentable carbohydrates in pig diets might decrease NH 3 emission (Canh et al., 1997; Panetta et al., 2006; Le et al., 2008) . On the other hand, although less studied, the inclusion of ingredients rich in fi ber in pig diets might increase CH 4 production from slurry per animal (Jarret et al., 2011) . However, little is known about the effects of the addition of dietary fat and AA on gas emissions.
Ammonia emission obtained in this study was similar to that measured by Dinnucio et al. (2008) in pig slurry. In the slurry, it is well known that the urea from the urine is quickly transformed to NH 3 and CO 2 by the enzyme urease present in feces and volatilized (Cortus et al., 2008) . For this reason, NH 3 and CO 2 emissions are greater at the beginning of the storage period. The d 12, 27, 40, and 54 of the storage, which coincide with the days of sampling for chemical analysis, NH 3 and CO 2 emissions increased compared with the rest of the storage days. This could be probably related to the fact that on these days, slurry was agitated, which increased the air velocity in the headspace of the buckets. In fact, Ni (1999) and Cortus et al. (2008) stated that the air velocity above the slurry is the third factor affecting NH 3 emission, after temperature and pH. For CO 2 , other reactions implied on the fermentation process might be involved on the effect.
The differences in NH 3 and CO 2 emissions found between treatments could have been related to the fact that the slurry from LD pigs had a greater content in DM, which led to the buckets containing LD slurry to develop a dry crust more easily than the buckets containing the HD slurry. The quicker development of a crust in the buckets containing the LD slurry could contain gaseous emission (NH 3 , but also CO 2 ) from the slurry to the headspace of the bucket as suggested by Blanes-Vidal et al. (2009) .
Around d 30 of storage, a peak in CO 2 emission was observed in both treatments, although it was greater in the HD slurry compared with the LD slurry. Not only urea degradation at the fi rst stages of storage but also OM degradation by diverse microbial communities (such as anaerobic bacteria) leads to CO 2 emission. Maximal CH 4 emission was also found around d 30 of storage, coinciding with the peak of CO 2 , and CH 4 concentrations at this time were also greater in the HD compared with the LD. The delay in the maximal CH 4 emission has been also observed in other studies (Møller et al., 2004; Sommer et al., 2007) . This might be explained by the fact that the equilibrium of methanogenic bacteria is generally achieved more slowly than the equilibrium for the rest of bacterial populations that inhabit the slurry (Vavilin and Angelidaki, 2005) .
Cumulative emission of NH 3 and CO 2 , especially CH 4 , was greater in the HD compared with the LD. Christensen and Thorbek (1987) found a depressive effect in microbial gut activity and CH 4 emission when relatively large amounts of unsaturated fat or fatty acids were added to diets of growing pigs. However, Leek et al. (2004) suggested that microbial activity was not affected by oil inclusion in diets, independent of the saturation degree of the oil source used. In the present experiment, the greater CH 4 emission was found in the HD slurry, indicating a greater methanogenic activity in this slurry. It is known that an excessive amount of OM can be linked to an excessive concentration of substances such as VFA or ammoniacal N that cause inhibition of methanogenic bacteria and CH 4 production (Bujoczek et al., 2000) . Also, Vedrenne et al. (2008) suggested that the dilution of the slurry promotes CH 4 emission when compared with nondiluted slurries. Bujoczek et al. (2000) observed that the greatest amount of solids at which anaerobic digestion was still feasible was around 10% total solids. Also, Siegert and Banks (2005) found that, in mesophilic conditions, VFA caused inhibition of cellulolytic activity at concentrations ≥2 g/L and at concentrations ≥6 g/L, and these authors found an inhibitory effect on the production on biogas and also on the CH 4 to CO 2 ratio. In the present study, OM and VFA concentrations exceeded the inhibitory concentration for CH 4 production stated by Bujoczek et al. (2000) and Siegert and Banks (2005) in both the LD and HD slurries. However, OM and VFA concentrations were greater in the slurry from LD pigs compared with those of the HD slurry, and this might explain the differences in CH 4 emission between treatments obtained in this study.
In conclusion, increasing the fat and Lys contents in diets for fi nishing pigs improved gain effi ciency in hot environments, probably due to an increase in fat digestibility. This feeding strategy affected slurry composition by decreasing nutrient concentration (DM, OM, TKN, and VFA), probably because of a dilution effect resulting from the greater water intake in pigs fed the HD diet. Cumulative NH 3 , CO 2 , and CH 4 emissions were greater in the slurry from pigs fed the most concentrated diet (HD), probably because of its decreased OM and VFA concentrations resulting from the dilution effect. More studies are needed to evaluate the relation between fat addition in the diet, slurry microbiology, and gas emission with greater dietary fat concentrations and varying fat sources.
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